Plaque samples were collected and studied from orthodontic patients before and after placement of orthodontic bands and arch wires. The samples were assayed for changes in pH, carbohydrate content, and microbial populations of streptococci and lactobacilli. Statistically significant increases of plaque pH, carbohydrate content, and microbial populations were noted.
Plaque samples were collected and studied from orthodontic patients before and after placement of orthodontic bands and arch wires. The samples were assayed for changes in pH, carbohydrate content, and microbial populations of streptococci and lactobacilli. Statistically significant increases of plaque pH, carbohydrate content, and microbial populations were noted.
Many factors can influence the physical, chemical, and biologic characteristics of dental plaque, thereby favoring the development of dental caries or periodontal disease. One environment change that alters the nature of dental plaque is the placement of orthodontic bands and arch wires. Bloom and Brown' found an average increase of 90,000 lactobacilli/ml of saliva in orthodontic patients after the placement of bands and arch wires. Since lactobacilli require a special plaque environment, this 3,500% increase represents a striking change in the plaque after banding procedures.
-The purpose of this investigation was to evaluate changes in the dental plaque of orthodontic patients by studying pH, carbohydrate content, and the microbial populations of streptococci and lactobacilli.
Materials and Methods
Twelve patients between 10 and 16 years of age were selected for this study from the orthodontic clinic at Loyola University School of Dentistry. Plaque samples were collected before the bands were placed and one month after the bands and arch wires were inserted.
The patients were required to brush their teeth for five minutes using a modified Stillman technic. Plaque samples and measurements were collected one hour after the supervised brushing, and the patients were not allowed to eat anything between brushing and sample collection. To maintain good oral hygiene, the patients were also instructed to brush their teeth for five minutes after meals, using the modified Stillman technic.
Plaque samples were collected and measurements were recorded one week before the teeth were banded. The pH of the plaque was recorded in situ; and then the plaque was collected for lactobacillus and streptococcus counting. The last test of the plaque sample was the quantitative microdetermination of carbohydrate in the plaque by use of the modified anthrone test. The remaining plaque sample was used for this purpose.
A second set of plaque samples was collected four to five weeks after the bands and arch wires had been attached to the teeth. The same measurements were made as on the first collection: pH, carbohydrate content, lactobacillus counts, and streptococcus counts. Differences in the two sets of samples were compared statistically and evaluated for their importance.
PH MEASUREMENTS.-Plaque pH readings were made with an antimony-silverexploring mercury electrode similar to the one used by Stephan.2 The electrode was constructed of an antimony-silver tip in a glass tube that contained mercury as a contact between the tip and the lead. A standard glass calomel electrode was used as a reference electrode. The reference electrode was placed in saturated potassium chloride along with the patient's finger to complete the electrical circuit. These electrodes were used in conjunction with a Coleman Metrion IV pH meter.
The pH meter was standardized by using a buffer of known pH before each test. Comparative tests were made with the exploring (antimony-silver) electrode and the Coleman glass electrode in different known pH solutions at 25 C. The maximum variation was less than 0.10 pH units in the range of 4.0 to 7.0 pH. This variation is comparable with that found by Parks and Beard.3 Before the antimony-silver electrode was used in the mouth, it was standardized with a buffer at pH 6.0, so that a reading could be made directly on the pH scale of the potentiometer-electrometer.
The pH readings were taken at various sites on the teeth. The plaque was usually found on the buccal aspect of the maxillary molars, the lingual of the maxillary lateral incisors, the lingual of the mandibular molars, and the lingual of the mandibular incisors. A minimum of three readings were recorded for each patient at a session. COLLECTION AND WEIGHING OF PLAQUE SAMPLES.-The plaque was removed from the teeth with a no. 6 or 7 Garcy curet. The plaque was placed in a no. 5 gelatin capsule,* which had been shortened to reduce the weight to approximately 16 mg. The gelatin capsules were preweighed and placed in small vials bearing the patient's name. Removing the plaque from the teeth and placing it in the gelatin capsule required approximately five minutes. The total weight of the filled capsule was then determined, and the actual weight of the plaque was calculated.
The plaque and gelatin capsule were inserted in a 5 ml Viritis microhomogenizer cup. A recorded quantity of water was added in the ratio of approximately 3 mg of plaque to 1 ml of water. The total capsule was homogenized in the water at 400 rrm for five minutes.
ENUMERATION OF THE MICROBIAL FLORA. -The homogenized sample was diluted in a test tube, 0.1 ml of sample with 0.9 ml of sterile water. A serial dilution procedure was then continued until the sample was diluted to [10] [11] [12] [13] [14] [15] ius, and lactobacilli colonies were counted and recorded after the incubation. CARBOHYDRATE DETERMINATION.-Carbohydrate determinations were done by a modification of the technic used by K. J. Weeks.4 The reagent used was a 0.2% solution of purified anthrone in 98% (v/v) sulfuric acid. This reagent had a three-day shelf life. One ml of the carbohydrate solution was overlaid on the surface of 5 ml of the anthrone reagent in such a manner as to prevent mixing of the layers. The layers were mixed and placed in boiling water for exactly five minutes, whereupon the solution was removed and cooled rapidly to room temperature. The optical density of the mixture was determined at 620 micrometers (axm) on a Coleman Model 6135, Junior II Spectrophotometer. The optical-density readings were converted to carbohydrate concentrations by comparing with standard glucose solutions. As reported by Weeks, this method gave results accurate to 0.5 tg.
STATISTICAL ANALYSIS.-The data from the two groups of experiments were collected and prepared for statistical analysis. The data were obtained as two series of measurements from the same groups of individuals, so that the measurements in each series are not independent of, but in fact, are correlated with each other. The statistical analysis of the data was done by the related-samples or paired-samples technic. The ratio of the average difference to the standard error of the average difference is t = d/ SEd. This ratio is distributed in the t curve with N-1 degrees of freedom. The t value was computed and checked at the 1 and 5% level of significance.
Results
The results of these experiments are compared in Table 1, and Table 2 shows the statistical analysis of these comparisons. The pH of the plaque dropped 0.4 pH unit after banding procedures, falling from a mean pH of 6.8 to 6.4. This drop of pH was significant at the 1% level of significance. The carbohydrate content of the plaque went from a mean concentration of 0.0277 mg of carbohydrate/mg of plaque to a concentration of 0.0377 mg of carbohydrate/ mg of plaque. This represents a mean increase of .01 mg of carbohydrate/mg of plaque, and using the t test is significant at the 5% level. The lactobacilli count showed a dramatic increase as was suggested by other studies of saliva."5 The mean lactobacilli count increased by 9.8 X 104 bacteria/mg of plaque. This increase was significant at the 1% level. The streptococci, the largest aerobic member of the plaque, continued to be a large portion of the microflora by increasing to 1.51 X 1014 bacteria / mg of plaque. The streptococci were further broken down into a S mitis and S salivarius count on the basis of colonial morphology on Mitis-Salivarius agar. The greatest increase was shown by S mitis with a difference of 1.5 X 1014 bacteria/mg of plaque. S salivarius showed an increase of 1.8 X 1010 bacteria/mg of plaque. The increase in streptococci was statistically significant at the 1% level.
Discussion These experiments show that the presence of orthodontic appliances in the mouths of patients stimulates an environmental change. This change has been characterized by showing a drop in pH and an increase of carbohydrate, streptococci, and lactobacilli (Table 1 ). These effects do not merely represent an increase of total plaque, bacteria, or carbohydrate, but are an indication of the concentration of these substances in one unit of mass, such as a mg of plaque. Obviously, in the orthodontic patient, there is an increase in plaque; but there also is a greater concentration of bacteria and carbohydrate in each mg of plaque. This makes this type of plaque more cariogenic, since there is a greater concentration of acid-producing bacteria on the surface of the teeth. The plaque, therefore, has a greater potential to lower the pH to a range that will decalcify the enamel surface. This drop of pH was clearly shown in our results.
The amount of S mitis in the plaque of the orthodontic patients with bands and arch wires seems high. These data, however, appear to be accurate, since the same methods and technics in the same patients before orthodontic treatment showed plaque bacterial counts similar to those found by other investigators.6-8 The experimental error and standard deviation were the same in both measurements.
A number of changes in the plaque flora can account for this high concentration of bacteria. A shift in the bacterial flora to bacteria of a smaller weight and size, eg, S mitis, could account for these increases and allow a greater number of bacteria per unit of weight. The ratio of nonmicrobial substances to bacteria may also shift, thus increasing the amount of bacteria per unit of weight. These are just a few of the alterations in plaque suggested by the results of this experiment.
The pH of plaque was 0.4 of a pH unit lower in the patients wearing bands and arch wires (Table 1) . This is a significant difference at the 1% level. It should be kept J Dent Res March-April 1970 in mind that this pH reading represents the acidity of the plaque at rest. The plaque might have shown a more dramatic drop in pH if the measurements had been taken after stimulation with glucose or some other carbohydrate. The drop in pH of the plaque at rest does not necessarily represent the acidogenic capability of the plaque. The drop in pH would be magnified by making carbohydrate substrate available to the bacteria of the plaque.
The increased concentration of carbohydrate is not just an increase of food and debris but may be an increase of bacterial products. This increased carbohydrate makes the plaque more tenacious and prevents the neutralization of acids and the washing of the tooth surface by saliva. The observed increase in carbohydrate represents an increase of both extracellular and intracellular polysaccharide. The role of extracellular carbohydrates in the form of dextrans has been well established by many investigations.9-12 These dextrans make the plaque tenacious, resistant to bacterial breakdown, and insoluble in saliva. Extracellular levans, such as those produced by S salivarius, are undoubtedly also a part of the plaque carbohydrate.
The plaque changes after the placement of orthodontic bands and arch wires are the result of inherent irregularities of fixed orthodontic appliances; it is quite conceivable that these appliances provide additional surface for the collection and retention of food and debris. This increased supply of substrate for bacteria permits the luxuriant growth of bacteria, which accounts for the increased concentration of bacteria in the plaque. The appliances also protect the plaque from the actions of brushing, mastication, and salivary flow. They are acidic and have a low oxygen tension. These characteristics favor lactobacilli growth and account for the extremely high lactobacilli levels in orthodontic patients. Omisi and Kondo13 demonstrated a similar effect by placing a plastic plate on the palate of patients and showed an increased number of lactobacilli due to this type of food trap.
A comparison was made between the lactobacilli and streptococci content of the plaque and the pH of the plaque. There was an increase in lactobacilli and streptococci with an increase in acidity. There was no direct correlation between the increase in bacteria and the pH of the total experi-mental group, but the results of individual subjects were related positively. The fact that the experimental group did not show a linear relationship was probably because of the tremendous variation in increase of bacterial content with a small change in pH.
Conclusions
Some chemical and biologic changes in dental plaque after the placement of orthodontic bands and arch wires were determined and evaluated. Plaque samples of 12 patients from the orthodontic clinic were collected before and after the placement of orthodontic bands and arch wires. They were assayed for changes in pH, carbohydrate content, and the microbial populations of streptococci and lactobacilli. After the placement of the orthodontic appliances, the plaque showed a mean pH drop of 0.4 units, an increase of 0.01 mg of carbohydrate/mg of plaque, an increase of 9.8 X 104 lactobacilli/mg of plaque, and an increase of 1.5 X 1014 streptococci/mg of plaque. The streptococci increase was divided into a 1.8 X 1010 increase of S salivarius types and a 1.5
